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Abstract
The literature on public goods has shown that ecient outcomes are impossible if par-
ticipation constraints have to be respected. This paper addresses the question whether
they should be imposed. It asks under what conditions eciency considerations justify that
individuals are forced to pay for public goods that they do not value. It is shown that par-
ticipation constraints are desirable if public goods are provided by a malevolent Leviathan.
By contrast, with a Pigouvian planner, eciency can be achieved. Finally, the paper studies
the delegation of public goods provision to a prot-maximizing rm. This also makes par-
ticipation constraints desirable.
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participants at ETH Z urich, and Vanderbilt University in Nashville.1 Introduction
Should public goods be nanced solely out of voluntary contributions or is there a role for
taxes as a source of public goods nance? The disadvantage of a system based on voluntary
contributions is that public goods are underprovided because voluntary contributions tend to
neglect the social benets of increased public goods provision. By contrast, a system based on
taxes which are raised independently of an individual's valuation of public goods can provide
sucient funds for ecient public goods provision. However, if individuals can be forced to pay
for public goods that they do not value, this coercive power may also be abused. If politicians,
bureaucrats or managers can use funds from the public budget to nance projects, their choices
may be biased towards their private interests.
This paper formalizes a tradeo between the eciency of public goods provision, on the one
hand, and protection against an abuse of coercive power, on the other. It asks the question
under what circumstances coercion is legitimate in the sense that it makes individuals, by and
large, better o even though occasionally they will be forced to pay for a public good that
they do not value. Broadly speaking, the main result is that if public goods are provided by a
benevolent Pigouvian planner, then individuals are happy to equip this institution with coercive
power. Being benevolent, it will use the instruments at its disposal in the individuals' best
interests, which implies that public goods are provided eciently. By contrast, if public goods
are provided by a malevolent planner who seeks to maximize its own payo at the expense of
individuals, individuals prefer public goods provision based on voluntary contributions.
The result shows that at the heart of the question whether or not the use of coercion is legiti-
mate is a distributive conict. Both a malevolent Leviathan and a benevolent Pigouvian planner
will provide a surplus-maximizing amount of public goods if coercion is possible. However, the
malevolent Leviathan will keep the entire surplus for himself so that individuals will not benet
from public goods provision at all. Voluntary public goods nance, by contrast, leaves them at
least a positive share of the surplus, albeit a smaller one.
This paper contributes to the literature on public goods provision under conditions of incomplete
information about public goods preferences. This literature has arrived at two major results.
On the one hand, there is a possibility result: It is possible to reach an ecient allocation of
public goods, even if individuals have private information on their preferences.1 On the other
hand, there is an impossibility result: Ecient outcomes are out of reach if participation con-
straints have to be respected, so that each individual has to be better o relative to a status
1This result is due to d'Aspremont and G erard-Varet (1979) and Arrow (1979). For a more recent generaliza-
tion, see d'Aspremont et al. (2004).
1quo allocation without public goods provision.2
This literature confronts us with a choice between outcomes that are ecient and second-best
outcomes that avoid the use of coercion. The contribution of the present paper is to answer the
question how this choice should be made; i.e., we clarify under which conditions the objective
to reach ecient outcomes justies the use of coercion.
Our answer to this question is based on a constitutional choice perspective; that is, we make
the following thought experiment: Suppose there is an ex ante stage at which individuals have
not yet discovered what their preferences are. More specically, an individual's objective is to
maximize expected utility, with expectations taken about her future preferences. At this ex
ante stage, individuals decide about the rules according to which public goods are provided.
In particular, they face a choice between a strong and a weak formulation of participation
constraints. The strong formulation requires that, at the interim stage, where individuals have
discovered their preferences, each individual benets from public goods provision. The weak
version requires only that individuals benet from public goods provision at the ex ante stage.
To illustrate this by means of an example, think of the construction of a bridge, and suppose
that there are individuals who cross the bridge frequently and others who do so only rarely.
If we impose participation constraints in the weak, ex ante sense, this allows us to force the
non-frequent users to contribute to the nancing of the bridge, provided that their utility loss is
compensated for by the utility gain of the frequent users. By contrast, if we impose participation
constraints in the strong, ex interim sense, we lose this opportunity. In this case, the less frequent
users must also be made better o by the construction of the bridge, which implies that they
cannot be forced to pay for a bridge that they hardly ever use.
We say that coercion is legitimate if, at the constitutional stage, individuals opt for partici-
pation constraints in the weak sense.
We approach the question whether coercion and hence ecient public goods provision is le-
gitimate from two dierent angles.
First, we take a mechanism design perspective. With this approach, we arrive at the con-
clusion that strong participation constraints, which protect individuals from having to pay for
a public good that they do not value, should be imposed if and only if there is a pronounced
agency conict between individuals and the mechanism designer.3 The logic is as follows: While
strong participation constraints have detrimental consequences from an eciency perspective,
2See G uth and Hellwig (1986), Rob (1989), Mailath and Postlewaite (1990), Hellwig (2003), or Neeman (2004).
3Hellwig (2003) studies public goods provision by a benevolent mechanism designer who faces participation
constraints in the strong sense. Our result shows that such a mechanism design problem cannot occur if the
relevant constraints are endogenized by means of a constitutional decision at the ex ante stage.
2they also imply that individuals can at least realize an information rent. If the mechanism de-
signer's objective is to extract the surplus from public goods provision (and hence to minimize
the expected payo of individuals), then the imposition of strong participation constraints is
desirable because individuals prefer getting an information rent over not getting anything.
Based on this answer, we turn to the more fundamental question where such an agency con-
ict should come from. To motivate this question, suppose for a moment that at the constitu-
tional stage individuals could not only choose between strong and weak participation constraints,
but that they could also specify the mechanism designer's objective function. Obviously, they
would opt for a benevolent mechanism designer who maximizes the expected payo of individu-
als. As a consequence, individuals would be happy to remove any constraint from the mechanism
designer's problem. In particular, they would be willing to accept that they occasionally have
to pay for a public good that they do not value. Hence, the use of coercion would be legitimate
and eciency could be achieved.
While this reasoning may seem somewhat contrived, it raises the question whether we can
provide a more plausible \microfoundation" for agency conicts that make strong participation
constraints desirable. In the second part of the paper, we show that there is a positive answer
to this question, and moreover, that giving such a positive answer requires us to leave the
mechanism design framework and to adopt instead an incomplete contracts perspective.
More specically, the second part of the paper is based on an extended model in which there
are not only individuals with private information about their preferences but also a rm which
produces the public good and has private information about its technology. In this environment,
a mechanism design approach leads to complete contingent planning, i.e., to a specication of
public goods production and individual payments as a function of the individuals' public goods
preferences and the rm's technology. Again, we obtain the result that if the mechanism designer
is suciently benevolent, then the use of coercion is justied so that eciency can be reached.
We contrast this with the following incomplete contracts model: There is a regulator who
delegates public goods provision to the rm, i.e., he sells the right to produce the public good
and to collect payments from individuals to the rm. Afterwards, the rm becomes residual
claimant; i.e., the rm communicates with individuals about their preferences and organizes
public goods supply so that its prots are maximized. From the regulator's perspective, this
arrangement is incomplete in the sense that he remains ignorant with respect to public goods
preferences. His interaction with the rm can at most be contingent on the rms's technology.
We show that this approach may indeed leave so much discretion to the rm that it is able
to extract the entire surplus from public goods provision. Consequently, individuals prefer the
imposition of strong participation constraints, i.e., in the incomplete contracts model, the use
of coercion is not legitimate.
3To sum up, the analysis shows that, unless there are pronounced conicts of interests be-
tween the consumers of a public good and the institution which is organizing its supply, coercion
is legitimate and an ecient supply of public goods is possible. By contrast, if there are such
conicts, strong participation constraints should protect individuals against an abuse of coercive
power. Finally, it is shown that the delegation of public goods provision to a prot-maximizing
rm generates a case in which individuals should be protected: a prot-maximizing rm should
not be given the possibility to charge individuals in excess of their willingness to pay, even if
this comes at the cost of an inecient public goods supply.
The remainder of the paper is organized as follows. The next section gives a more detailed
literature review. Section 3 introduces the model. Section 4 establishes the result that the le-
gitimacy of coercion depends on the mechanism designer's degree of benevolence. An extended
model in which public goods provision is delegated to a rm with private information about its
technology is analyzed in Section 5. The last section contains concluding remarks.
2 Related Literature
The paper contributes to the literature on public goods provision under the assumption that
individuals have private information on their preferences. For a model with independent private
values, d'Aspremont and G erard-Varet (1979) and Arrow (1979) have shown that an ecient
allocation of public goods can be implemented as a Bayes-Nash equilibrium. However, this
outcome is out of reach if, in addition, ex interim participation constraints are imposed. This
has been established by G uth and Hellwig (1986) and Mailath and Postlewaite (1990).4 This
impossibility result has led various authors to study second-best problems where public goods
provision is subject to ex interim participation constraints. In particular, G uth and Hellwig
(1986) and Schmitz (1997) study public goods provision by a prot-maximizing monopolist,
and Hellwig (2003) and Norman (2004) study public goods provision by a benevolent utilitarian
planner.
This paper contributes to this literature in various respects. First, it provides an answer to
the question whether, from a normative perspective, strong participation constraints should be
imposed, even if this implies that ecient outcomes cannot be reached. This question has not
been asked before.
Second, the paper makes a technical contribution to the study of second-best problems. Most
of the existing literature assumes that an individual's public goods preferences are the realiza-
4These papers show that a version of the Myerson and Satterthwaite (1983) theorem on the impossibility of
ecient trade holds in an economy with public goods.
4tion of a continuous random variable. This paper, by contrast, works under the assumption
of a discrete number of types (where the number of possible types may be arbitrarily large).
While this has no bearing on the results of the analysis, the model with a discrete set of types
has two major advantages. There is no need to impose dierentiability and continuity assump-
tions to make the mechanism design problem tractable. Also, it becomes more explicit which
incentive compatibility constraints are binding and which ones are slack, which leads to a better
understanding of the tradeos which shape the optimal mechanism.
Finally, it uses ideas from the literature on incomplete contracts to show that the delegation
of public goods provision to a prot-maximizing rm yields a situation in which the imposition
of strong participation constraints is desirable.5 It thereby bridges two dierent literatures that
are both relevant for public goods provision, and which are typically treated separately; namely
the literature on the revelation of public goods preferences (which is a major topic in theoreti-
cal public economics) and the literature on the regulation of rms who are in charge of public
production (which is a major topic in industrial organization).6
This work is also related to two recent papers in which participation constraints play a sig-
nicant role.
Gr uner (2008) asks the question whether an ecient allocation of public goods can be
achieved with a dierent set of participation constraints. He requires that each individual is
made better o relative to a situation with majority voting about public goods provision. In
this model, ecient public goods provision is possible. This result is given a positive interpre-
tation; i.e., it explains why despite the impossibility results in the existing literature, public
goods are provided in the real world and why these outcomes may even be ecient: In the real
world the status quo outcome is shaped by democratic institutions. The present paper oers
an alternative positive explanation. Individuals may be willing to accept that, occasionally,
they have to pay for public goods that they do not value if, on average, they benet from the
provision of public goods. This leads to a weaker notion of participation constraints, so that
ecient outcomes can be achieved.
Acemoglu et al. (2008) compare public and private provision of insurance contracts. They
formalize the following tradeo: private provision suers from ineciencies due to participation
constraints. These problems may be overcome by state provision of insurance, given that the
state has coercive power. The disadvantage of state provision, however, is that the coercive
power may be abused by selsh politicians. The tradeo \markets versus governments" therefore
5For an overview of the incomplete contracts approach, see Hellwig (1996) and Tirole (1999).
6The seminal article in the latter branch of the literature is Baron and Myerson (1982). For a textbook
treatment and a literature survey, see Laont and Tirole (1993).
5becomes a tradeo between distortions due to participation constraints and distortions due
to agency problems between citizens and politicians. While this tradeo seems empirically
plausible, the present paper shows that, from a normative perspective, agency problems are
what justies the imposition of participation constraints. Hence, why should the state be given
coercive power if politicians are not acting in the citizen's interest? The normative analysis
in this paper suggests that the state should have coercive power only if the agency problems
between citizens and politicians are less signicant than the agency problems between private
providers of insurance and their customers.
3 The environment
There is a nite set of individuals, I = f1;:::;ng. The preferences of individual i are given by
the utility function
ui = iq   ti;
where q 2 R+ is the provision level of a public good, ti is individual i's contribution to the cost
of public good provision and i is a taste parameter that aects individual i's valuation of the
public good. For each i, i belongs to a nite ordered set  = f0;1;:::;mg, with 0 = 0. We
assume that l   l 1 = 1, for all l. We denote a vector of all individual taste parameters by
 = (1;:::;n).
From an ex ante perspective, the taste parameters of individuals are independent and iden-
tically distributed random variables that take values in . For any i, we denote the probability
that i = l by pl. The following notation will prove helpful. For every i, let p(i) be a random
variable that takes the value pl if i takes the value l and P(i) be a random variable that takes
the value
Pl
k=0 pk if i takes the value l. Dene hl =
1 P(l)
p(l) . In the literature this fraction
is known as the hazard rate. We assume that the hazard rate is decreasing, hl < hl 1, for all
l  1. This assumption is imposed in the following without further mention.
We study public goods provision from an interim perspective, i.e., after individuals have
learned what their preferences are. With an appeal to the Revelation Principle we limit attention
to direct mechanisms and to truthful Bayes-Nash equilibria. A direct mechanism consists of a
provision rule for the public good and, for each individual i, a payment rule. The provision
rule is a function q : n ! R+ that species a public good provision level as a function of the
preferences that individuals communicate to the mechanism designer. Analogously, the payment
rule for individual i is a function ti : n ! R.
A mechanism has to satisfy participation constraints, incentive compatibility constraints and
a budget constraint. The budget constraint requires that expected payments of individuals are







 E[k(q())] : (1)
where k is a strictly increasing and strictly convex function with k(0) = 0, limq!0 k0(q) = 0,
and limq!1 k0(q) = 1.  is a parameter that, for the moment, is treated as commonly known.8
The expectations operator E applies to the vector  of all individual taste parameters.
The incentive compatibility constraints ensure that that truth-telling is a Bayes-Nash equi-
librium: given that all other individuals reveal their taste parameter, the best response of
individual i is to reveal the own taste parameter as well. Formally, for each i, for each i 2 ,
and for each ^ i 2 ,
iQi(i)   Ti(i)  iQi(^ i)   Ti(^ i); (2)
where
Qi(^ i) := E[q( i; ^ i) j ^ i]
is the expected level of public goods provision from the perspective of individual i, given that all
other individuals reveal their preferences to the mechanism designer and individual i announces
^ i. Likewise,
Ti(^ i) = E[q( i; ^ i) j ^ i]
is i's expected payment.
A mechanism also has to satisfy participation constraints which ensure that individuals
benet from the provision of the public good. We distinguish between participation constraints
at the ex interim state or at the ex ante stage. The ex interim participation constraints are as
follows: For all i, and all i,
iQi(i)   Ti(i)  0: (3)
These constraints ensure that, after all individuals have discovered what their public goods
preferences are, no individual is worse o relative to a status quo situation in which the public
good is not provided. An alternative interpretation is that individuals are given veto rights that
protect them from having to pay for a public good that they do not value. Consequently, a
deviation from the status quo requires a unanimous agreement to provide the public good.
7It has been shown by d'Aspremont et al. (2004) that to any incentive compatible mechanism that satises the
budget constraint in expectation there exists a payo equivalent incentive compatible mechanism that satises
budget balance in an ex post sense, i.e.,
Pn
i=1 ti()  k(q()), for every . Hence, working with budget balance
in expectation is without loss of generality.
8In Section 5 we will assume that the supplier of the public good has private information on .
7The ex ante participation constraints require that, for all i,
E[iq()   ti()]  0 ; (4)
so that each individual benets from public good provision at an ex ante stage, i.e., prior to
learning what the own preferences are. These participation constraints are less restrictive than
those in (3). To make this more explicit we can use the law of iterated expectations to write (4)
as follows: for all i,
m X
l=0
pl(lQi(l)   Ti(l))  0 :
Consequently, the ex ante participation constraints in (4) require that the ex interim partici-
pation constraints in (3) hold \on average", but not necessarily for each possible realization of
individual i's preferences.
These constraints in (4) ensure that the provision of the public good is a Pareto-improvement
if considered behind a \veil of ignorance" where individuals can form an expectation about how
the public good is going to aect their well-being, but are not yet fully informed about their
preferences. These constraints make it possible to rely on coercion when nancing the provision
of a public good. Individuals can be forced to pay for a public good that they do not value,
provided that, behind the veil of ignorance, they benet from public goods provision. The
participation constraints in (3), by contrast, exclude coercion under each and every circumstance.
We can therefore interpret them as providing a maximal protection of economic freedom: No
one may interfere with an individual's decision to spend his money on the uses that are most
attractive to him.
The analysis focusses on the question whether the use of coercion is benecial for individuals.
To this end we will compare mechanisms where the ex ante participation constraints have to
be satised to mechanisms where the ex interim participation constraints are imposed. The
standard of comparison is the ex ante expected utility of individuals. If this utility is larger
with ex ante participation constraints, then we say that the use of coercion is legitimate in the
sense that if, behind a veil of ignorance, individuals were confronted with a constitutional choice
about the use of coercion, they would unanimously vote in favor of it.
3.1 The tradeo between eciency and voluntary participation
We will show in the following that there eciency is compatible with participation constraints
at the ex ante stage but not with participation constraints at the ex interim stage.
We say that a mechanism (q;t1;:::;tn) is constrained ecient if it is incentive compatible and
budgetary feasible, and there is no other incentive compatible and budgetary feasible mechanism
8(q0;t0
1;:::;t0
n), such that for all i, E[iq0()   t0
i()]  E[iq()   ti()], with a strict inequality
for some i.9
Proposition 1 A mechanism is constrained ecient if and only if the budget condition (1)
holds as an equality and the public goods provision rule is surplus-maximizing; i.e., for every ,
q() is chosen so as to maximize (
Pn
i=1 i)q()   k(q()).
It is well known that, under conditions of complete information, surplus maximization in con-
junction with budget balance is both necessary and sucient for Pareto-eciency if preferences
are quasilinear in money. Proposition 1 shows that the same is true with private information
on public goods preferences, i.e., private information on preferences does not alter the eciency
conditions.10
The main step in the proof of the Proposition, which can be found in the Appendix, is to show
that to any mechanism that is ecient in the set of allocations that are budgetary feasible (but
not necessarily incentive compatible) there exists a budgetary feasible and incentive compatible
mechanism that leads, for all individuals, to the same level of ex ante expected utility. Intuitively,
incentive compatibility is a condition that aects how expected utility increases ex interim with
an individual's valuation of the public good.11 However, this is no restriction on the \base
utility",
0Qi(0)   Ti(0) =  Ti(0);
to which these increments are added. Hence, upon manipulating Ti(0) one can generate any
level of E[iq()   ti()] in an incentive compatible way.
In particular, the if-part of Proposition 1 implies that there exists a constrained ecient
allocation such that the surplus from public goods provision is shared equally among individuals,
i.e., such that the ex ante expected utility of each individual i is equal to










9It should be noted that this denition of eciency is based on the ex ante expected payo of individuals.
This eciency criterion, which implies the desirability of surplus maximization, is predominant in the literature.
However, one could also dene an ex interim notion of Pareto eciency, see Holmstrom and Myerson (1983), and
Ledyard and Palfrey (1999) for an application to public goods provision.
10It has been shown by d'Aspremont and G erard-Varet (1979) and Arrow (1979) that surplus maximization
can be achieved, given the requirement of incentive compatibility. Proposition 1 is more general. It shows that
surplus maximization is both necessary and sucient for constrained eciency.
11 To see that interim utility is increasing note that the incentive compatibility conditions imply that, for each










9where q is the surplus-maximizing provision rule. In the following we will refer to this mecha-
nism as the symmetric constrained ecient mechanism.
Obviously, since the expected surplus from public good provision is strictly positive, under
the symmetric constrained ecient mechanism all ex ante participation constraints hold as a
strict inequality. This shows that there is no conict between eciency on the one hand and
the imposition of ex ante participation constraints on the other. If the expected benets from
public goods provision are evenly distributed, then every individual is made better o by public
good provision.12 We summarize these observations in the following Corollary.
Corollary 1 There exists a constrained ecient mechanism that satises the ex ante partici-
pation constraints.
By contrast, eciency may be out of reach with ex interim participation constraints.
Proposition 2 There exists a constrained ecient mechanism that satises the interim partic-












 E[k(q())] : (5)
The inequality in (5) is violated if the number of individuals is suciently large. For a proof
of this claim, see part B of the Appendix. The intuition is that, as the number of individual's
increases, each single individual's inuence on the public goods provision level becomes smaller
and smaller, so that it becomes more and more attractive to articulate a low taste parameter in
order to mitigate the own contribution to the cost of public good provision. Hence, with more
individuals it is more dicult to raise enough money for ecient public goods provision.13
3.2 Sketch of the Proof of Proposition 2
A formal proof of Proposition 2 can be found in the Appendix. In the following the argument is
sketched. The proof is based on a characterization of revenue maximizing mechanisms, i.e., of
mechanisms that maximize E[
Pn
i=1 ti()], taking the public goods provision rule q as given, and
uses arguments that are familiar from the analysis of optimal non-linear pricing mechanisms.14
12There exist constrained-ecient mechanisms that violate these constraints. Given that utility is perfectly
transferrable between individuals, eciency can also be achieved if one individual is made very badly-o and
receives a negative expected payo.
13For a model so that i is distributed according to an atomless probability distribution, this impossibility result
holds irrespective of the number of individuals, see Hellwig (2003).
14See Mussa and Rosen (1978), Matthews and Moore (1987), or Bolton and Dewatripont (2005).
10In particular, a \relaxed revenue maximization problem" is studied which takes only a subset
of all constraints into account, namely the ex interim participation constraints and the local
downward incentive compatibility constraints,
lQi(l)   Ti(l)  lQi(l 1)   Ti(l 1) ;
for all i and l. The observation, that ex interim expected utility is increasing in i (see footnote
11) then implies that only the participation constraints for types i = 0 need to be taken
explicitly into account. If these are satised, then those for higher types are automatically
satised as well. A further observation is that the participation constraints for i = 0 and
all downward incentive compatibility constraints have to be binding. Otherwise, taking the
provision rule for the public good as xed, it would be possible to increase the expected payments
of some types of some individuals without violating any one of the constraints of the relaxed
problem. Given this pattern of binding constraints, it is possible to solve for the expected





























is an upper bound on the revenues that can be
raised if public goods are provided according to q. Constrained eciency is therefore pos-
sible only if these maximal revenues exceed the expected cost from public good provision,
E[k(q())].
The if-part of the Proposition establishes that this upper bound can actually be reached if
all incentive compatibility constraints; i.e., not only the local downward ones, are taken into
account. By well-known arguments from the analysis of incentive constraints, this is the case if
the public goods provision rule satises the following monotonicity constraint: For all i and l,
Qi(l)  Qi(l 1). Obviously, this monotonicity property is satised by the surplus-maximizing
provision rule q, which is strictly increasing in every individual's taste parameter.
The expression for maximal revenues is interpreted as follows: Individuals have to be granted
rents because they have private information about their preferences. This implies, in particu-
lar, that a revenue-maximizing mechanism is unable to extract the whole expected surplus
from public goods provision which equals E [
Pn
i=1 iq()]. As we show in part B of the Ap-






. An inspection of (5) reveals that the sum of these informational rents reduces
the revenues that can be extracted from individuals.
113.3 Benevolent Second-best Mechanisms
The observation that ex interim participation constraints may imply that eciency cannot be
reached has led various authors to study second best mechanisms. Typically, the objective is to
maximize expected utilitarian welfare, E [
Pn
i=1(iq()   ti())], subject to the budget constraint
(1), the incentive compatibility constraints (2), and the ex interim participation constraints (3).
For brevity, we refer to this problem in the following as the benevolent second best problem.
Proposition 3 If condition (5) holds, then the symmetric constrained ecient mechanism
solves the benevolent second best problem. Otherwise, each individual is, in terms of ex ante
expected utility, strictly worse o.
The Proposition, which is proven in the Appendix, shows that from a normative perspective, the
imposition of ex interim participation constraints is undesirable. These constraints are never
benecial but sometimes harmful, depending on whether or not the inequality in (5) holds.
Hence, if individuals were given a choice between the imposition of participation constraints at
the ex interim or the ex ante stage they would unanimously opt for the latter. Put dierently,
at the ex ante stage, individuals are happy to accept that they occasionally will have to pay for
public goods that they do not value if they are assured that their share of the expected surplus
from public goods provision is suciently high. However, these results rely on the assumption
that the mechanism designer is benevolent. In the following section we relax this assumption.
As will become clear, this may give rise to a role for the imposition of participation constraints
at the ex interim stage.
4 Conicts of interest
In the following, we allow for the possibility that the mechanism designer does not only care
about the expected payos of individuals, but also derives utility from resources that he extracts
for himself. In particular, we will formulate a model in which we can vary the mechanism
designer's degree of benevolence. With this model we will ultimately show that coercion is
legitimate if and only if the mechanism designer is suciently benevolent.
Formally, we assume that the public good is provided by a mechanism designer whose ob-







  E[k(q())] : (6)
However, there is a fraction a fraction  of prots that are redistributed to individuals in a lump
sum fashion. We treat  as a given parameter which measures the mechanism designer's degree of
12benevolence. As will become clear, low values of  indicate that the mechanism designer extracts
a large fraction of the surplus from public goods provision, whereas a high value of  indicates
that any surplus extracted will be transferred back to individuals. For ease of exposition, all
individuals are entitled to the same fraction of prots. The per capita share of prots is therefore
equal to 
n.
The interaction between the mechanism and the individuals who consume the public good
proceeds as follows. First, prior to the operation of the mechanism, the mechanism designer
makes an unconditional lump sum payment of 
n to each individual, where  are the ex-
pected prots that result from the prot-maximization problem. After this payment is made, a
mechanism is chosen in order to maximize  subject to the incentive compatibility constraints
in (2), and participation constraints. Again, the participation constraints are either imposed at
the ex ante stage as in (4), or at the ex interim stage as in (3).
Remark 1 Imposing a sequential structure where expected prots are distributed prior to the
operation of the mechanism has the following convenient implication: Prots do not enter the
incentive compatibility constraints because the upfront transfer is not conditional on the behavior
of individuals under the mechanism. In part B of the Appendix, we discuss an alternative
version of the model in which prots are not redistributed ex ante (before the operation of the









In part B of the Appendix, it is shown that the above sequential structure can be imposed without
loss of generality: The outcome of the model with a redistribution of prots after the operation
of the mechanism can be replicated by the model with an upfront transfer of expected prots prior
to the operation of the mechanism.
Remark 2 The individuals' share of expected prots does not enter the participation constraints.
This may be questioned on the following grounds. The participation constraints serve to ensure
that individuals are not worse o as compared to a status quo situation with no public goods
provision. If their share of monopoly prots provides them with utility that they would not be
able to realize in the status quo, then this should be included in the utility that they derive from
public goods provision. Accordingly, the appropriate version of, say, the ex interim participation
constraints would be as follows; for all i, and all i,
iQi(i)   Ti(i) +

n
  0: (7)
Again, it turns out that the specication with participation constraints as in (7) can be interpreted
13as a special case of the model with the participation constraints that do not include monopoly
prots. This is also claried in part B of the Appendix.
The following Proposition compares, for an arbitrary individual i, ex ante expected utility with
ex interim participation constraints, V int
i , and ex ante participation constraints, V ant
i . If V ant
i is
larger than V int
i then the use of coercion is legitimate in the sense that the individual in question
is, in an ex ante sense, made better o if coercion is possible.
Proposition 4 Public goods provision is surplus-maximizing with ex ante participation con-
straints and distorted downwards with ex interim participation constraints. Moreover, there
exists ^  2 (0;1) such that V ant
i () > V int
i () if and only if  > ^ .
The Proposition shows that the legitimacy of coercion depends on the mechanism designer's
degree of benevolence. If it is high, then expected payos with coercion are close to the sym-
metric constrained ecient mechanism. In this case, the imposition of ex interim participation
constraints is harmful for individuals because it results in a lower level of aggregate surplus.
By contrast, for a low degree of benevolence, individuals prefer the imposition of ex interim
participation constraints, even though this implies that public goods provision is inecient.
Given that the mechanism designer retains almost the whole surplus, they cannot benet from
surplus-maximizing public goods provision. The only remaining source of payos is therefore
the information rent that individuals can reap provided that ex interim participation constraints
are imposed. Hence, they prefer a larger fraction of a smaller, second-best surplus over a smaller
fraction of the maximal, rst best surplus.
This result can be summarized as follows. If public goods are provided in a benevolent
way, the use of coercion is legitimate. A benevolent mechanism designer acts in the interests of
individuals and should hence face as few constraints as possible. By contrast, if a malevolent
institution is in charge of public goods provision then the use of coercion is not legitimate.
A malevolent mechanism designer maximizes its own well-being at the expense of individuals.
Hence, it is in the interest of individuals that he faces as many constraints as possible.
4.1 Sketch of the Proof of Proposition 4
The proof follows from the characterization of the optimal mechanism with ex interim and ex
ante participation constraints, respectively, which we sketch below. A complete proof is in the
Appendix.
Ex interim participation constraints. Consider rst the mechanism designer's problem
with ex interim participation constraints. Once upfront payments to individuals are made, the
14mechanism designer aims at surplus extraction. Whatever his provision rule is, he will therefore
choose the payments of individuals so that expected revenues E [
Pn
i=1 ti()] are maximized.
This problem of revenue maximization, see the discussion following Proposition 2, yields the

































We denote this provision rule in the following by q
 . With this second best provision rule,
public goods provision is, for every , distorted downwards relative to the surplus-maximizing
level. This follows since q










whereas the surplus-maximizing provision level is given by
Pn
i=1 i = k0(q()).
The expected payos of individuals, from the ex ante perspective are derived as follows:







; second, they get a fraction 
n of the second-best prot. After algebraic ma-
nipulations which make use of the assumption that the individuals' taste parameters are iid
random variables, we can therefore derive the following expression for individual i's expected
payo,
V int
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Hence, an individual's expected payo is a convex combination of the expected prot that is
transferred to individuals and the information rent. In particular, the smaller , i.e., the smaller
the fraction of prots that is transferred to individuals, the larger is the contribution of the
information rent to the individuals' expected payo.
Ex ante participation constraints. The mechanism designer now aims at surplus maxi-
mization subject to ex ante participation constraints and incentive compatibility constraints.
However, to characterize the outcome of this mechanism design problem, we may ignore the
incentive constraints. As was we already pointed out in the discussion of Proposition 1, incentive
compatibility constraints have no bearing on the ex ante expected utility levels. Consequently,
if there is some mechanism that satises the budget constraint and guarantees individuals some
15non-negative expected utility level, then there is also another mechanism that generates these
expected utility levels and is, in addition, incentive compatible.
Obviously, at a solution to the mechanism design problem, all ex ante participation con-
straints are binding. This implies that, for each individual i, E[ti()] = E[iq()]. Upon
substituting these expected payments in the mechanism designer's objective function, we nd














i.e., he chooses to provide public goods in a surplus-maximizing way.
Given that, with ex ante participation constraints, individuals are unable to reap an infor-
mation rent, their expected payo from the ex ante perspective consists entirely of their share
of the rst surplus which is given by
V ant










Note that, whatever , the mechanism designer chooses to provide public goods according to
q, i.e., public goods provision is surplus-maximizing. Hence, the parameter  only aects the
distribution of the surplus between the mechanism designer and the individuals, but has no
bearing on the public goods provision rule. In particular, if  is close to zero, the expected
payo of individuals is close to zero.
5 Endogenous Conicts of Interest
In the previous section we did not treat the mechanism designer's degree of benevolence  as
a choice variable, but rather as a parameter that makes it possible to dene formally what
benevolence and malevolence mean. Obviously, if there was a choice of , then a complete
redistribution of prots would be the ideal outcome. There is nothing better than the use of
coercion in conjunction with a benevolent mechanism designer. But this raises the question
whether we can nd a more convincing case for participation constraints. The analysis so far
has only shown that the imposition of participation constraint is justied if, for some reason,
the ideal outcome is out of reach.
This issue is taken up in the following. The aim is to develop a more microfounded model
of public goods provision that is empirically plausible and, moreover, endogenously creates a
distributive conict that justies the imposition of strong participation constraints.
More specically, we study an extended model in which the public good is produced by
a rm with private information about its cost function. As a benchmark, we rst study the
implications of this extension for a model of mechanism design. We will see that if there is a
16mechanism designer who engages in complete contingent planning of public goods production
and individual payments, then we obtain the same results as in the benchmark model with a
commonly known technology: Coercion is legitimate if and only if the mechanism designer is
suciently benevolent.
We will then contrast this result with the following incomplete contracts model: a regulator
delegates public goods production to a prot-maximizing rm, possibly in exchange for an
upfront payment that the rm has to make and which is then transferred to individuals. This
interaction is incomplete, relative to the mechanism design benchmark, because the regulator
remains ignorant with respect to the individuals' preferences. The ne-tuning of public goods
supply and of individual payments to the state of demand lies in the hands of a prot-maximizing
rm. We show that the rm may be able to extract the whole surplus from public goods
provision, and that this may imply that strong participation constraints should be imposed.
5.1 Mechanism Design
We assume that the rm producing the public good has private information on the parameter
 in the cost function. From an ex ante perspective, the cost parameter  is a random variable
that takes values in a nite ordered set f1;:::;rg, with 1 = r, 2 = r 1, :::, r = 1. Hence,
a rm with cost parameter 1 has the worst technology. The probability that  equals j is in
the following denoted by f(j) = fj. We assume that the random variable  is stochastically
independent of the vector of taste parameters . We impose another monotone hazard rate
assumption: for any j  1, gj+1  gj, where, for any j, gj =
1 F(j)
f(j) .
A mechanism in this extended model consists of a provision rule for the public good q :
(;) 7! q(;), which species how much of the public good is provided as a function of the
vector of taste parameters  and the rm's cost parameter , and a payment rule which species
for each individual i, a contribution to the cost of public good provision ti : (;) 7! ti(;).
The revelation principle implies that it entails no loss of generality to assume that indi-
viduals send messages about their taste parameters and that the rm sends a message about
its cost parameter, and that truth-telling constitutes a Bayes-Nash equilibrium. The incen-
tive compatibility conditions for individual i, are still given by the inequalities in (2), except
that Ti(^ i) and Qi(^ i) now also involve expectations about the rm's cost parameter; i.e.,
Ti(^ i) := E[ti( i; ^ i;) j ^ i], and Qi(^ i) := E[q( i; ^ i;) j ^ i]. The incentive compatibility
constraints for the rm are as follows: For all , and all ^ ,
R()   K()  R(^ )   K(^ ) ; (10)
where R(^ ) := E
hPn
i=1 ti(; ^ ) j ^ 
i
is the rm's expected revenue conditional on announcing a
cost parameter ^ , and K(^ ) := E[k(q(; ^ )) j ^ ]. These constraints are based on the assumption
17that the rm is able to manipulate the production costs that are observable to outsiders. If
it claims a cost parameter ^  and has a true cost parameter , then its expected production
costs are equal to K(^ ). These production costs dier from those of a rm whose true cost
parameter equals ^ . This dierence, however, is assumed to be unobservable to anyone who is
an outsider to the rm.
We require that budget balance holds for each type of rm. Hence, for all ,
R()   K()  0 : (11)
To sum up, in the extended model with private information on preferences and production costs,
any mechanism has to satisfy the budget balance conditions in (11), the individual incentive
compatibility conditions in (2), and the rm's incentive compatibility conditions in (11). In
addition to these constraints, we may impose participation constraints for individuals in the ex
ante or the ex interim sense.
































This Proposition shows that private information on production costs aects the cost function
on which the analysis of constrained ecient mechanisms is based.15 In the basic model with
a commonly known technology , the expected costs of public good provision are given by




f() k(q(;)) j 
i
. This additional costs are due to the information rents that the rm is
able to realize.
The proof of Proposition 5, which is in the Appendix, follows from similar arguments as the
proof of Proposition 2. A necessary condition for constrained eciency is that, for a given public
goods provision rule, the expected payments of individuals are chosen such that E[
Pn
i=1 ti(;)]
is minimized subject to the rm's budget balance conditions in (11) and the rm's incentive
compatibility conditions in (10). Moreover, by analyzing a relaxed problem which minimizes
15For the extended model, we use the same denition of constrained eciency as in the basic model in which
 was assumed to be known, i.e., we follow Baron and Myerson (1982) in that only the expected payos of
individuals are of relevance and there is no weight given to rents that the rm may extract.
18E[
Pn
i=1 ti(;)] taking only the budget balance condition for the least ecient rms, i.e., those
with  = 1, and the local downward incentive compatibility conditions,
R(l)   lK(l)  R(l 1)   lK(l 1) :
into account, we nd that E[
Pn









Finally, we show that this lower bound can actually be obtained because the provision rule which
solves the relaxed problem satises the monotonicity constraint K(l)  K(l 1), for all l.









which takes account of the rm's information rent we can not only
reproduce Proposition 1, but all further results of Sections 3 and 4 in the extended model. In
particular, we obtain, once more the conclusions that (i) ex interim participation constraints
can only do harm to individuals if the mechanism designer is benevolent, and (ii) upon reducing
the mechanism designer's degree of benevolence, we eventually obtain a situation in which the
imposition of strong participation constraints is desirable.
In the following, we will show that a case for ex interim participation constraints arises
endogenously with an incomplete contracts perspective on public goods provision.
5.2 Incomplete Contracts
We now drop the assumption that there is a mechanism designer who species public goods
production and individual payments as a function of the rm's technology and the individuals'
preferences. Instead we assume that there is a regulator who delegates the task of adjusting
the nal allocation to the preference intensities of individuals to a prot-maximizing rm, in
exchange for an upfront payment that the rm has to deliver. We assume that the regulator is
benevolent and redistributes this payment to individuals.
The regulator diers from the mechanism designer in that he remains ignorant with respect to
the preferences of individuals and also with respect to the rm's operating prots; i.e., after the
rm has made its upfront payment it becomes the residual claimant and is no longer monitored
by the regulator. This arrangement is incomplete in the sense that the interaction between the
regulator and the rm is not made contingent on the public goods preferences of individuals.
In the basic model with a commonly known technology, this regulatory approach would make
it possible to reach ecient public goods provision. Given that the rm's expected prots are
known, the regulator can just require an upfront payment that equals the expected surplus from
ecient public goods provision. This would imply that individuals realize the same expected
payo as under the symmetric constrained ecient mechanism. Hence, they would legitimize
coercion at the constitutional ex ante stage. We will see, in the following, that this reasoning
breaks down if the rm has private information about its technology.
19The delegation of public goods provision to a self-interested rm is also of interest because it
is a common practice in reality. Public transport is an example for which the question whether
the use of coercion is legitimate or not can be framed as follows: Should public transportation
be organized in such a way that the revenue from the tickets that are sold to customers cover all
of the costs, or is there a role for lump sum payments, i.e., for payments that individuals have
to deliver irrespective of whether or not they make use of public transportation. In the latter
case, there might be people who pay for public transportation, even though they never use it,
and who would hence be better o if there was no public transportation system at all.
Formally, we consider the following sequential structure. First, the rm learns its technol-
ogy and individuals learn their preferences. Then, the regulator asks the rm for an upfront
payment that may possibly depend on the rm's technology. Finally, the rm interacts with
individuals according to a prot-maximizing mechanism that has to satisfy incentive compati-
bility and participation constraints. Once more, we focus on the question whether, from an ex
ante perspective, individuals prefer the imposition of strong, ex interim participation constraints
over weak, ex ante participation constraints.
We assume, without loss of generality that the interaction between the rm and regulator
is based on a direct revelation mechanism such that the rm reports its cost parameter to the
regulator, and has to deliver a payment Sc(^ ) that is made contingent on its report. The index
c 2 fant;intg refers to the kind of participation constraint that has to be respected. We denote
the rm's prots by c().
An implication of the assumption that the regulator does not observe the rm's prots,
production costs, etc. is that the rm's upfront payment can not be made contingent on the
rm's cost parameter. To see this, consider two types of rms  and 0 who are both supposed
to produce the public good. Incentive compatibility requires that
c()   Sc()  c()   Sc(0) and c(0)   Sc(0)  c(0)   Sc() :
These inequalities imply that Sc() = Sc(0). In words, if there is a rm of who is supposed to
produce the public good and the rm knows that, if it was less productive, it would still become
the producer of the public good, then it will reveal its high productivity level only if its payment
is not higher than the the one it had to pay if it was less productive. In the following we can
therefore drop the dependence of the upfront payment on the rm's type, and interpret Sc as
an entry fee that each rm who wants to become the producer of the public good has to pay.
We assume in the following that the upfront payment is set in such a way that each type of
rm participates, i.e., Sc is such that even the rm with the worst technology and therefore the
lowest prots is willing to participate,
c(1)   Sc  0 :
20In principle, the regulator could require an upfront payment that exceeds c(1). This
would imply that a rm with a bad technology would refrain from becoming the provider of the
public good, so that there would be no public goods provision. From an ex post perspective,
this would be an inecient outcome because even if  is very high, the marginal cost of public
goods provision converges to zero as the provision level converges to zero. Hence, even with a
bad technology, it would be desirable to have a strictly positive public goods supply. However,
the advantage of choosing Sc strictly larger than c(1) is that it makes it possible to extract a
larger fraction of the prots of rms with a better technology. In general, this tradeo between
eciency considerations on the one hand and the desirability of rent extraction on the other,
need not be such that it is optimal to have a positive supply of public goods with each type of
rm. However, if the probability f1 of facing a rm with a bad technology is suciently high,
then the scope for rent extraction is limited anyway and the regulator will choose the upfront
payment such that Sc  c(1).
Remark 3 An alternative foundation for this assumption would be that the regulator faces a
commitment problem. The intuition is as follows: Suppose that the regulator sets an upfront
payment that is so high that not all types of the rm are willing to enter. Also, suppose that
the regulator nds himself in the situation that indeed entry has not occurred. Then he knows
that if he lowers the entry fee, eventually the rm will be ready to enter and that this will create
a strictly positive surplus. Lack of commitment means that the regulator is unable to resist
this temptation. Anticipating this behavior, the rm will be willing to produce the public good
only if the payment has been reduced to a level such that each type of rm would be willing to
participate. It is beyond the scope of this paper to provide a rigorous game-theoretic analysis
of the relationship between the regulator and the rm in the absence of commitment. In the
context of a buyer-seller relationship, these considerations have been formalized by Hart and
Tirole (1988); see also Bolton and Dewatripont (2005).
For the purposes of this paper, the assumption Sc  c(1), is made for ease of exposition.
As will become clear, it is a sucient condition that makes it possible to show that, with an
incomplete contracts perspective, we may nd a role for strong participation constraints.
Proposition 6 For suciently large 1, the use of coercion is not legitimate, and public goods
provision should be distorted downwards.
If 1 is large this implies that the least productive rm makes hardly any prot. Given that the
prots of the least productive rm provide an upper bound on the entry fee that the regulator
21charges, this implies that the entry fee converges to zero as 1 goes out of bounds. Consequently,
all other rms can keep the whole prot from public goods provision for themselves. Given this
observation, the arguments from the previous section imply that coercion is not legitimate and
that the rm should face strong, ex interim participation constraints.
Hence, the analysis of the incomplete contracts model can be summarized as follows: If
public goods provision is delegated to a prot-maximizing rm, and moreover, the rm may
credibly claim that its maximal prot is close to zero, then the use of coercion for public goods
nance is not legitimate; i.e., the rm must not be given access to external funds in order to
cover its production costs.
5.3 Proof of Proposition 6
Ex interim participation constraints. We rst consider expected payos of the rm and
of individuals if ex interim participation constraints have to be respected. A straightforward
extension of the analysis in Section 4 implies that the expected net prots (taking the upfront














q()   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 = l
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  Sint ; (12)
where Q is the set of functions from n to R+. An individual's expected utility at the ex ante









e(;) is the level of
public goods provision that results from the prot maximization problem in (12), if the vector
of taste parameters equals  and the cost parameter equals .
As in Section 4, the imposition of ex interim participation constraints implies that individuals
get an information rent. This information rent reduces the revenues that a prot-maximizing
rm can realize. As a consequence, the rm chooses a second-best public goods provision level
which falls short of the surplus-maximizing rst best level. The information rent also enters the
expected payo of individuals. In addition, each individual gets an equal share of the upfront
payment that the rm has to deliver.
Ex ante participation constraints. We can also extend the analysis of Section 4 to
determine expected prots and payos if ex ante participation constraints are imposed. A type











q()   k(q()) j  = l
#!
  Sant ; (13)
where Sant  ant(1) is the upfront payment in a model with ex ante participation constraints.
The expected utility of individual i is equal to Uant
i := 1
nSant.
With the weaker ex ante participation constraints, the rm is able to extract higher payments
from individuals. Individuals no longer get an information rent, which implies that the rm
22chooses a surplus-maximizing public goods provision level q
e(;). The expected payo of
individuals is entirely due to the rm's upfront payment.
Legitimacy of coercion. The use of coercion for public goods nance is legitimate if the















We seek to show that this condition is violated for suciently large 1. This follows from the
observation that both ant(1) and int(1) converge to 0 as 1 goes to 1. To see this, note












Hence, as  goes out of bounds, optimal quantities and expected prots go to zero. This implies











The analysis has provided an answer to the question whether the nancing of public goods should
be subject to participation constraints. The advantage of a system based on participation con-
straints is that all individuals benet from public goods provision. The disadvantage, however,
is that public goods nance is generally insucient to induce ecient outcomes. Which of these
two forces is dominating depends on whether or not there are pronounced agency problems be-
tween individuals and the institution in charge of public goods provision. If the latter acts in the
individuals' best interests, then the imposition on participation constraint is not attractive. By
contrast, if it seeks to maximize his own payo at the expense of individuals, then participation
constraints should be imposed. Finally, we have shown that, under certain assumptions, if the
production of public goods is delegated to a monopolistic rm with private information about
its production costs, the latter case applies; that is, a regulated monopolist should not be given
access to public funds.
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A Appendix
A.1 Proof of Proposition 1
Only if - part. We show that for every constrained ecient mechanism the budget constraint is binding
and the provision rule is surplus-maximizing.
Without loss of generality of we can characterize a Parto-ecient mechanism as the solution of the
following optimization problem: Choose a mechanism in order to maximize E[1q()   t1()] subject
to the incentive compatibility constraints in (2), the budget constraint in (1) and the following set of
reservation utility constraints: For each i 6= 1,
E[iq()   ti()]   ui ; (15)
for some given vector of reservation utility levels ( u2;:::;  un).
Consider a relaxed problem which does not include the incentive compatibility constraints. As is well-
known in the literature the solution to this relaxed problem is such that the budget constraint in (1) and
the constraints in (15) are binding. Moreover, public goods provision has to be surplus-maximizing. In the
following we show that this solution can also be achieved subject to incentive compatibility constraints.
The surplus-maximizing provision rule satises q( i;l) < q( i;l+1), for all i and l. This implies
that for all i, and all l, the monotonicity constrained Qi(l+1) > Qi(l), is satised.
Given this provision rule, if we choose the expected payments of each individual i in such a way that
all local downward incentive compatibility constraints are binding,
lQi(l)   Ti(l) = lQi(l 1)   Ti(l 1);
25then Lemma 2 in part B of the Appendix implies that the resulting allocation is incentive compatible,
and Lemma 3 implies that the expected utility of individual i is given by
















  Ti(0) =  ui
and for all l > 0,
Ti(l) = l(Qi(l)   Qi(l 1)) + Ti(l 1) ;
then the resulting allocation is incentive compatible and yields for each individual i 6= 1, the same
expected utility as the solution of the relaxed problem. We proceed in a similar way with individual 1,
except that the utility level for individual 1, u












 ui : (16)
It remains to be shown that the payments are such that the budget constraint holds as an equality. By
construction, E[ti()] = E[iq()]    ui, for i 6= 1, and E[t1()] = E[1q()]   u






















= E [k(q())] :
If-Part. We now show that every incentive compatible mechanism such that the provision rule is
surplus-maximizing and the budget constraint holds as an equality is constrained ecient.
The proof proceeds by contradiction. Suppose that (q;t1;:::;tn) is an incentive compatible mecha-
nism such that q is surplus-maximizing and the budget constraint holds as an equality. Suppose there
exists an incentive compatible mechanism (q0;t0
1;:::;t0
n) such that, for all i,
E[iq0()   t0
i()]  E[iq()   ti()] ;















Using that E [
Pn
i=1 ti())] = E[k(q())], and that E [
Pn
i=1 t0














hence a contradiction to the assumption that q is a surplus-maximizing provision rule.
26A.2 Proof of Proposition 2
Only if - part. By Proposition 1, under every constrained ecient mechanism the provision rule is equal
to q. Given this provision rule, Lemma 7 in part B of the Appendix implies that the maximal revenue













If this is smaller than E[k(q())], budget balance can not be achieved. Hence, constrained eciency
can not be achieved.













then, given the surplus-maximizing provision rule q, (t1;:::;tn) can be chosen such that the budget
constraint binds and that for all i, the incentive compatibility constraints and the ex interim participation
constraints are satised.
By the arguments in the proof of Lemma 7, the participation constraints of individual i are satised
if and only if Ti(0)  0. Since the provision rule q implies that the monotonicity constraints Qi(l) 
Qi(l 1) are satised for all i and l, Lemmas 2 and 3 in part B of the Appendix imply that incentive
compatibility holds if expected payments are chosen such that all local downward incentive compatibility



























for all i. By assumption this is smaller or equal to zero, so that the ex interim participation constraints are
































A.3 Proof of Proposition 3
Step 1. At a solution to the second best problem, the budget constraint has to be binding. Otherwise it
would be possible to reduce the expected payments of individuals without violating any of the incentive
compatibility or participation constraints, and without violating the budget constraint. Hence, at a
















27Step 2. The expected revenue E[
Pn
















This follows from the arguments in the proof of Lemma 7 in Appendix B , which imply, that if, for a
given provision rule q, E[
Pn
i=1 ti()] is maximized taking only a subset of the constraints of the sec-
ond best problem { namely the ex interim participation constraints and the local downward incentive











This expression is therefore an upper bound on the expected payments of individuals. Combining this












 E[k(q())] : (17)
Step 3. Steps 1 and 2 imply that the surplus that is generated at a solution of the auxiliary problem to
maximize E [(
P
i=1 i)q()   k(q())] subject to the constraint in (17) is an upper bound on the second













Step 4. Suppose that (17) is not binding. Then provision rule q and the payments in the mechanism in
the proof of the if-part of Proposition 2 solve the auxiliary problem. Moreover, with this mechanism the
surplus of public goods provision is shared equally among individuals, i.e., for all i,










This proves the rst statement in Proposition 3.
Step 5. Now suppose that (17) is binding. The provision rule that solves the auxiliary problem
satises the monotonicity constraint, Qi(l)  Qi(l 1), for all i, and l. This follows because the optimal











where  is the multiplier on the constraint. The assumption that the hazard rate is decreasing implies
that whenever, for one individual the taste parameter l is replaced by the taste parameter l+1, the
right hand side goes up, which implies that q( i;l)  q( i;l+1), for all i,  i, and l. This implies,
in particular, that Qi(l)  Qi(l 1), for all i, and l. This follows from Lemma 7 in Appendix B, this
implies that the the surplus that is generated by the auxiliary problem can be achieved by a second
best mechanism. Moreover, the arguments in the proof of this Lemma show that this requires that for
all i, the ex interim Participation constraint Ti(0)  0 and all local downward incentive compatibility
constraints are binding. Lemma 3 in Appendix B implies that, at a solution to the second best problem,
for all i, ex ante expected utility is equal to







28where q() is the provision rule that solves the auxiliary problem. Given that the constraint of the






























Using that the random variables (i)n



















Equations (18) and (19) imply that at a solution to the second best problem,












By denition of the surplus-maximizing provision rule q, q 6= q implies that this is less than the ex
ante expected payo under the symmetric constraint ecient mechanism.
A.4 Proof of Proposition 4
The proof uses arguments from part B of the Appendix, in particular Lemmas 1 - 7, which provide a
characterization of incentive compatible mechanisms and of revenue maximizing mechanisms.
The optimal mechanism with ex interim participation constraints. It follows from Lemma
5, that, at a solution to the mechanism design problem, for all i, the participation constraints in (3) are
binding for i = 0 and is slack otherwise. Otherwise it would be possible to increase the monopolist's
revenue while holding the monopolist's provision rule xed.
Consider the relaxed problem of choosing (q;t1;:::;tn) in order to maximize  subject to the down-
ward incentive compatibility constraints in (24) and the ex interim participation constraints in (3). It
follows from Lemma 6 that at a solution to this problem, all downward incentive compatibility constraints
are binding, and the participation constraint in (3) is binding for i = 0 and is slack otherwise. Other-
wise it would be possible to increase the monopolist's revenue while holding the monopolist's provision
rule xed. But then the arguments in the proof of Lemma 7 imply that the expected revenue of the mo-
nopolist, at a solution to the relaxed problem, is equal to E [
Pn
























In the following this provision rule is denoted by q
 .
The relaxed problem takes only a subset of all incentive compatibility constraints into account. Hence,
the expected prots that are generated by the mechanism which solves the relaxed problem are an upper
bound on the expected prots that are generated by the mechanism that solves the \full" problem of
maximizing  subject to all participation and incentive compatibility constraints.
29It follows from Lemma 2 that if the provision rule q
 is such that the monotonicity constraints
Qi(l)  Qi(l 1) are satised for all i and l, then the solution to the relaxed problem satises all
incentive compatibility constraints and is hence also a solution to the full problem.
In the remainder we verify that under q
 the monotonicity constraints are indeed satised. For every
given , q









 ()) ; (20)
or, if this equation has only a negative solution, equal to 0. Given that hl < hl 1, for all l, for each i,
the left-hand side of the rst order condition is strictly increasing in i. Given that k is increasing and
convex, this implies that, for each i and each l, q
 ( i;l) < q
 ( i;l+1), and, as a consequence, the
monotonicity constraint Qi(l+1) > Qi(l) holds for all i, and all l.
Given that all local downward incentive compatibility constraints and the participation constraints























Exploiting that the random variables (i)n
i=1 are iid and rearranging term yields the expression for
expected payos of individuals in equation (8).
The optimal mechanism with ex ante participation constraints We rst consider a re-
laxed problem of maximizing  taking only the ex ante participation constraints in (4) into account.
Obviously, this implies that, for each i, the participation constraint has to be binding, for each i,
E[ti()] = E[iq()]. Using this expression to substitute for E[ti()] in the denition of  yields
 = E [(
Pn
i=1 i)q()   k(q())]. Hence, q is the prot-maximizing provision rule.
In the following we show that the there is a mechanism which is payo equivalent to the solution of
this relaxed problem and satises all incentive compatibility constraints.
The surplus-maximizing provision rule q is such that for each i, Qi(l)  Qi(l+1). If all local down-
ward incentive compatibility constraints hold as an equality, then all incentive compatibility constraints
are satised. This follows from Lemma 2. To complete the proof it suces show that, given public goods
provision according to q, there is a payo equivalent mechanism which is such that all local downward
incentive compatibility constraints hold as an equality.
If all local downward incentive constraints are binding, then the arguments in the proof of Lemma 2
imply that Ti(l) = lQi(l)  
Pl 1















, then also the ex ante participation constraints of
all individuals are binding. This also implies that for each individual E[iq() ti()] = 0 and expected
prots are equal to  = E [(
Pn
i=1 i)q()   k(q())]. The ex ante expected payo of individuals
consists entirely of the fraction of prots that they receive. This observation yields the expression for
expected utility in equation (9).


































Since q maximizes the surplus from public goods provision, this expression is increasing in . Moreover,
it is negative for  close to zero and positive for  close to 1.
A.5 Proof of Proposition 5
Step 1. We show that, for any mechanism satisfying the the budget balance conditions in (11) and the
rm's incentive compatibility conditions in (10), E [
Pn









Let q be an arbitrary given provision rule and consider the relaxed problem of minimizing E [
Pn
i=1 ti(;)]
subject to the budget balance condition for  = 1 and the local downward incentive compatibility condi-
tions for the rm, R(l) lK(l)  R(l 1) lK(l 1), for all l. Since this minimization problem takes
only a subset of all budget balance conditions and all rm incentive compatibility conditions into account,
the solution of this minimization problem will be a lower bound to the minimal value of E [
Pn
i=1 ti(;)]
that can be obtained if all budget and incentive constraints are taken into account.
At a solution to the relaxed problem all constraints have to be binding. Otherwise it was possible
to reduce the expected revenues for some type of rm without violating any of the constraints of the
relaxed problem, thereby attaining a lower value of E [
Pn
i=1 ti(;)]. This makes it possible to verify
that R(l) = lK(l) +
Pl 1
j=1 K(j), for l 2 f1;:::;r   1g, and that R(1) = 1K(1). Using the law




































Step 2. Suppose public goods provision is such that the following monotonicity constraint holds:
For all l, K(l)  K(l 1). We show that, under this assumption, there is a mechanism such that
E [
Pn








, satisfying the budget balance conditions in (11) and the
rm's incentive compatibility conditions in (10),
Using arguments that are analogous to those in the proof of Lemma 4 in part B of the Appendix we
nd that if the rm's budget balance condition holds for  = 1, then it also holds for all  6= 1. The
fact that all local downward incentive compatibility constraints are binding and that the monotonicity
constraint K(l)  K(l 1) holds for all l, implies that all rm incentive compatibility conditions are
satised. This follows from similar arguments as Lemmas 1 and 2 in part B of the Appendix.
31Given Steps 1 and 2, The arguments that are needed to complete the proof of Proposition 5 are a
straightforward modication of the arguments that were used to in the proof of Proposition 1. Hence,
we only sketch the arguments.

















we obtain the following result: A mechanism is Pareto-ecient among those that satisfy the individuals'
incentive compatibility conditions as well as the budget constraint (22) if and only if the constraint (22)
















Denote this provision rule in the following by q
e.
To obtain this result we need to show that the lower bound on payments identied in Step 1 can be
reached. By Step 2, this is the case if q
e is such that for all l, K(l)  K(l 1). To verify this property,
note that, for any (;), q








By the monotone hazard rate assumption the left hand side is decreasing in . Hence, conditional on ,
a larger value of  implies that less of the public good is provided. Given our assumption that l < l 1,
this means that, for every , q
e(;l) > q
e(;l 1). This implies, in particular that K(l)  K(l 1).
32B Further Results
B.1 Characterization of Incentive Compatible Mechanisms
Lemma 1 For all i, the incentive constraints in (2) hold if the following local incentive constraints are
satised: For any l < m,
lQi(l)   Ti(l)  lQi(l+1)   Ti(l+1) ; (23)
and, for any l > 0,
lQi(l)   Ti(l)  lQi(l 1)   Ti(l 1) : (24)
Moreover, the local incentive constraints (23) and (24) imply that, for all i, Qi(l)  Qi(l 1), for all
l > 1.
Proof We rst show that for each i and for each l, Qi(l)  Qi(l 1). This follows from adding (23)
for i = l (as stated in the Lemma) and (24) for i = l+1,
l+1Qi(l+1)   Ti(l+1)  l+1Qi(l)   Ti(l) :
We now show that (23) implies that
lQi(l)   Ti(l)  lQi(l+2)   Ti(l+2) ; (25)
To see this, rewrite (23) as
lQi(l)   Ti(l)  l+1Qi(l+1)   Ti(l+1)   (l+1   l)Qi(l+1) ;
Since Qi(l+2)  Qi(l+1) we also have
lQi(l)   Ti(l)  l+1Qi(l+1)   Ti(l+1)   (l+1   l)Qi(l+2) ;
Moreover, condition (23) for i = l+1 is
l+1Qi(l+1)   Ti(l+1)  l+1Qi(l+2)   Ti(l+2) ;
Adding the last two inequalities yields
lQi(l)   Ti(l)  lQi(l+2)   Ti(l+2)
Hence, an individual with preference parameter l does not benet from announcing l+2. Iterating this
argument one more establishes that this individual does neither benet from announcing l+3, etc.
The proof that an individual with preference parameter l does not benet from announcing l j for any
j  1 is analogous and left to the reader.
33Lemma 2 Suppose that, for some individual i, all local downward incentive compatibility constraints
are binding and that Qi(l)  Qi(l 1), for all l > 1. Then all incentive compatibility constraints of
individual i are satised.





k(Qi(k)   Qi(k 1)) + Ti(0) : (26)
Using that 0 = 0 and that l+1   l = 1, for all l > 0, equation (26) can be equivalently written as
Ti(l) = lQi(l)  
l 1 X
k=0
Qi(k) + Ti(0) : (27)
To establish incentive compatibility, Lemma 1 implies that it suces to show that all local upward
incentive compatibility constraints are satised, i.e., for all l,
lQi(l)   Ti(l)  lQi(l+1)   Ti(l+1) :
or, equivalently,
lQi(l)   Ti(l)  l+1Qi(l+1)   Ti(l+1)   Qi(l+1) :






Qi(k)   Qi(l+1) ;
or
Qi(l+1)  Qi(l) :
These monotonicity constraints are satised by assumption.
Lemma 3 If for individual i, all local downward incentive compatibility constraints are binding, then the
expected utility of individual i from the ex ante perspective is given by







































pj Qi(j) + Ti(0)








B.2 Characterization of Revenue Maximizing Mechanisms for a given provi-
sion rule
Lemma 4 For all i, if the participation constraint in (3) is satised for i = 0 then it is also satised
for all i 6= 0.
Proof Let i 6= 0. Then, by the incentive compatibility constraints in (2),
iQi(i)   Ti(i)  iQi(0)   Ti(0) :
Moreover, i > 0 implies that the right-hand side of this inequality exceeds
0Qi(0)   Ti(0) ;
which is nonnegative by the participation constraint for i = 0. This proves that (3) is not binding for
i 6= 0.
Lemma 5 Let q be an arbitrary given provision rule. Consider the problem of choosing a mechanism







subject to subject to the incentive compatibility constraints in (2) and the ex interim participation con-
straints in (3). At a solution to this problem, the participation constraint in (3) is binding for i = 0
and is slack otherwise.
Proof By Lemma 4 we only need to show that it is binding for i = 0. We show that it is possible
to increase the expected payments of individual i in an incentive compatible way if, for some i, the
participation constraint for i = 0 does not hold as an equality. It is instructive to rewrite the incentive
compatibility constraints in (2) as follows: For each i, for each i 2 , and for each ^ i 2 ,
iQi(i)   iQi(^ i)  Ti(i)   Ti(^ i); (28)
Consider a new payment rule for individual i such that for each i 2 , Ti(i) increases by some  > 0,
this implies that the right hand side of the incentive constraints in (28) remains constant, i.e., the increase
35of i's expected payments does not upset incentive compatibility. Since revenue increase in the expected
payments of individual i, the revenue maximizing mechanism must be such that a binding participation
constraint for i = 0 prevents a further increase of individual i's payments.
Lemma 6 Let q be an arbitrary given provision rule. Consider the \relaxed problem" of choosing a







subject to the downward incentive compatibility constraints in (24) and the ex interim participation con-
straints in (3). At a solution to this problem, all downward incentive compatibility constraints are binding,
and the participation constraint in (3) is binding for i = 0 and is slack otherwise.
Proof It is straightforward to verify that, for all i, all downward incentive compatibility constraints are
binding. Otherwise the expected payments of some individual could be increased without violating any
one of the constraints of the relaxed problem. It remains to be shown that, for all i, the participation
constraint in (3) is binding for i = 0 and is slack otherwise. By Lemma 4 we only need to show that, for
all i, the participation constraint in (3) is binding for i = 0. Suppose otherwise. Then it was possible
to increase Ti(0) without violating any constraint.
Lemma 7 Let q be a given provision rule with the property that for all i, and all l, the monotonicity
constraints Qi(l)  Qi(l 1) are satised. Consider the problem of choosing (t1;:::;tn) in order to







subject to the incentive compatibility constraints in (2) and the ex interim participation constraints in













Proof First, consider the \relaxed problem" of maximizing subject to the local downward incentive
constraints (24) and the the ex interim participation constraints in (3). The arguments in the proofs
of Lemmas 4 - 6 imply that, for all i, all local downward incentive constraints as well as the ex interim
participation constraints are binding for i = 0.16
Since the given provision rule q satises the monotonicity constraints Qi(l)  Qi(l 1) for all i and
l, Lemma 2 implies that all incentive compatibility constraints are satised at a solution to the relaxed
problem. Hence, the solution to the relaxed problem is the revenue maximizing mechanism.
16In these Lemmas the provision rule for the public good is not taken as given. However, this does not aect
the logic of the argument.

























B.3 On the impossibility to reach constrained eciency subject to interim
participation constraints with many individuals
Lemma 8 Let (kn)1
n=1 be a sequence of cost functions, with the understanding that kn is the cost function
that applies if the number of individuals is equal to n. Suppose that the sequence (kn)1
n=1 converges
pointwise to a cost function k1. Let q
n be the surplus maximizing provision rule for an economy with n
individuals. Suppose that (kn)1






n())] > 0 :






































By the strong law of large numbers 1
n
Pn





















































To complete the proof, note that q
n() converges in probability to a deterministic public goods provision
level. This follows since (i) for every given n, q









i=1 i converges in probability to E[i], and (iii) (kn)1
n=1 converges pointwise to
k1.





















In conjunction with Lemma 8 this implies that for suciently large n, constrained eciency is incompat-
ible with the ex interim participation constraints.
B.4 A model with prot-sharing ex post
The basic model is such that individuals receive a share 
n of the expected monopoly prots which does
not depend on their behavior under the mechanism that the monopolist proposes. In this section of
the Appendix we investigate an alternative model which is such that individuals receive a share of the
prots that the mechanism designer realizes ex post and which therefore depends on the vector of taste
parameters . This implies that an individual's incentives under the mechanism are complicated by the
dependence of prots on the own announcement. The incentive compatibility constraints are now as
follows: for each i, for each i 2 , and for each ^ i 2 ,
iQi(i)   Ti(i) +

n









ti( i; ^ i)   k(q( i; ^ i)) j ^ i
#
are the expected prots from the perspective of individual i.
We want to show in the following that (i) this model is well-dened only if prots are included in the
participation constraints i.e., the participation constraints are such that, for all i and all i
iQi(i)   Ti(i) +

n
i(i)  0 (30)
as opposed to
iQi(i)   Ti(i)  0 ; (31)
and (ii) that if the model is well dened, then it gives the same results as the basic model under the
assumption that  = 0.
Proposition 7 The mechanism that maximizes  subject to the incentive constraints in (29), and the
interim participation constraints (30) has the following properties.
i) For all i, the participation constraint for i = 0 is binding and the participation constraints for
i 6= 0 are not binding.
ii) For all i, all local downward incentive constraints are binding; i.e., for all l > 0,
lQi(l)   Ti(l) +

n




and all other incentive compatibility constraints are not binding.
38iii) The prot maximizing provision rule is given by q
 .
iv) For all  < 1, the expected after tax prots are given as









 ()   k(q
 ())
#









B.4.1 Proof of Proposition 7
The proof follows from the series of Lemmas below.
Lemma 9 For all i, the participation constraint in (30) is binding if i = 0 and is slack otherwise.
Proof Let i 6= 0. Then, by the incentive compatibility constraints in (29),
iQi(i)   Ti(i) +

n




Moreover, i > 0 implies that the right-hand side of this inequality exceeds




which is nonnegative by the participation constraint for i = 0, and the fact that the maximal prot-level
is non-negative because the monopolist can always ensure zero prots by choosing q  0. This proves
that (30) is not binding for i 6= 0.
Now suppose that i = 0. We show that it is possible to increase the expected payments of individual i
in an incentive compatible way if, for some i, the participation constraint for i = 0 does not hold as an
equality. It is instructive to rewrite the incentive compatibility constraints in (29) as follows: For each i,





























tj( i; ^ i)   k(q( i; ^ i)) j ^ i
3
5
does not include the payments of individual i. (32) can equivalently be written as: For each i, for each















(Ti(i)   Ti(^ i)); (33)
Now x the provision rule for the public good and the payments of all individuals j, j 6= i. This implies
that for all of the incentive constraints in (33), the left hand side remains constant. Now, if the monopolist
39chooses a new payment rule for individual i such that for each i 2 , Ti(i) increases by some  > 0,
this implies that also the right hand side of the incentive constraints in (33) remains constant, i.e., the
increase of i's expected payments does not upset incentive compatibility. Since monopoly prots increase
in the expected payments of individual i, the prot-maximizing mechanism must be such that a binding
participation constraint for i = 0 prevents a further increase of individual i's payments.
Lemma 10 For all i, the incentive constraints in (29) hold if the following local incentive constraints
are satised: For any l < m,
lQi(l)   Ti(l) +

n




and, for any l > 0,
lQi(l)   Ti(l) +

n




Moreover, the local incentive constraints (34) and (35) imply that, for all i, Qi(l)  Qi(l 1), for all
l > 1.
Proof We rst show that for each i and for each l, Qi(l)  Qi(l 1). This follows from adding (34)
and the (35) constraint for i = l+1, which is given by
l+1Qi(l+1)   Ti(l+1) +

n




We now show that (34) implies that
lQi(l)   Ti(l) +

n




To see this, rewrite (34) as
lQi(l)   Ti(l) +

n
i(l)  l+1Qi(l+1)   Ti(l+1) +

n
i(l+1)   (l+1   l)Qi(l+1) ;
Since Qi(l+2)  Qi(l+1) we also have
lQi(l)   Ti(l) +

n
i(l)  l+1Qi(l+1)   Ti(l+1) +

n
i(l+1)   (l+1   l)Qi(l+2) ;
Moreover, condition (34) for i = l+1 is
l+1Qi(l+1)   Ti(l+1) +

n




Adding the last two inequalities yields
lQi(l)   Ti(l) +

n




Hence, an individual with preference parameter l does not benet from announcing l+2. Iterating this
argument one more establishes that this individual does neither benet from announcing l+3, etc.
The proof that an individual with preference parameter l does not benet from announcing l j for any
j  1 is analogous and left to the reader.
40Lemma 11 At a solution to the monopoly problem, all local downward incentive compatibility constraints
are binding, all other incentive compatibility constraints are not binding, and the expected payments of













Proof Step 1. We rst consider the \relaxed problem" of maximizing  subject to the local downward
incentive constraints (35), the binding participation constraints for individuals with i = 0, and the
following monotonicity constraints: for all i, Qi(l)  Qi(l 1), for all l > 1.
If one of the downward incentive constraints was not binding, then the expected payments of some
individual could be increased without violating any one of the constraints of the relaxed problem. Hence,










+ Ti(0) : (38)
From the fact that participation constraints are binding whenever i = 0, it follows that Ti(0) = i(0).
Using that 0 = 0 and that l+1   l = 1, for all l > 0, equation (38) can be equivalently written as





























































Step 2. To complete the proof, Lemmas 9-10 imply that it suces to show that the solution to the relaxed
problem satises all local upward incentive compatibility constraints, i.e., for all i, and all l,
lQi(l)   Ti(l) +

n





lQi(l)   Ti(l) +

n
i(l)  l+1Qi(l+1)   Ti(l+1) +

n
i(l+1)   Qi(l+1) :






Qi(k)   Qi(l+1) ;
or
Qi(l+1)  Qi(l) :
These monotonicity constraints are satised at a solution of the relaxed problem.
Lemma 12 At a solution to the monopoly problem, expected after tax prots are given as




















Proof Using Lemma 11 to substitute for E [
Pn
i=1 ti()] in the denition of , (see equation (6)) and
collecting terms gives the result for after tax prots. Using 11 to substitute for E [ti()] in




gives the result for individual i's expected payo.
B.4.2 Participation Constraints that do not include monopoly prots
We now discuss briey how the analysis changes if instead of the participation constraints in (30) those
in (31) that do not include prots, need to be satised. The analysis of this problem requires only minor
adjustments, relative to the proof of Proposition 7. Adjusting the arguments in the proof of Lemma 9,
implies that
Ti(0) = 0: (40)
This yields the following modications in Lemma 11. The expected payments of individual i ex interim,
provided that i 6= 0, are now given as


























Substituting these expected payments into the denition of  implies that

















42Now it is easy to verify that the mechanism designer may choose the mechanism such that (0) is
arbitrarily small and hence E[ti()] is arbitrarily large even if Ti(0) = 0 and all local downward incentive
compatibility constraints are binding.17 Consequently, after tax prots are unbounded and the prot-
maximization problem is no longer well dened.
B.5 A model in which expected prots are included in the participation
constraints
The following proposition claries how the analysis in Section 4 would be modied if instead of the ex
interim participation constraints in (3) that do not include monopoly prots the ex interim participation
constraints in (7) are imposed.
Proposition 8 The mechanism that maximizes  subject to the incentive constraints in (2), and the
interim participation constraints (7) has the following properties.
i) The pattern of binding participation and incentive compatibility constraints and the prot-maximizing
provision rule are as in Proposition 7.
ii) The monopolists expected after tax prots, are for all , given as






















The proposition establishes a neutrality result. The parameter  neither has an inuence on the op-
timal mechanism nor on the distribution of payos between the monopolist and the consumers of the
public good. The reason is that, whatever , the mechanism designer will ensure that the lowest type's





for all i. Consequently, a higher , implies that the mechanism designer can rise the expected payment
of individuals with the lowest possible valuation, so that their ex interim expected utility level is equal
to 0. Given that the lowest types have an expected utility level of 0, all higher types can only get the
information rent that is due to their private information on their preferences. Hence, whatever , their







An implication of these observations is that the model with monopoly prots in the participation
constraints yields exactly the same results as the model without monopoly prots in the participation
constraints under the additional assumption that, in the latter model,  = 0. Hence, without loss of
17Suppose that there are only two individuals, n = 2, and only two possible preference parameters, m = 1. The
monopolist can choose q() = 0, for all  and still choose the payments t1() and t2() such that he makes an
unbounded prot, even though incentive and participation constraints have to be satised.
43generality, we may focus on the model with participation constraints that do not include monopoly
prots.18
B.5.1 Proof of Proposition 8
The proof of Proposition 8 is very similar to the characterization of the prot maximizing mechanism
with ex interim participation constraints in the proof of Proposition 4. In the following, we only sketch
the steps where the arguments from the proof of Proposition ?? require some modication. Adjusting





A straightforward modication of Lemma 7 implies that individual i's expected payments from the ex

























After plugging the prot maximizing provision rule q
























 ()   k(q())
#
Finally, to solve for the the ex ante expected payo of individual i, rearrange equation (44) to obtain









Upon substituting the prot-maximizing provision rule q
 into this formula we obtain the statement in
the Proposition.
18Proposition 8 can also be proven for the model with ex ante instead of ex interim participation constraints.
The details are left to the reader.
44NOTE DI LAVORO DELLA FONDAZIONE ENI ENRICO MATTEI 
Fondazione Eni Enrico Mattei Working Paper Series 











NOTE DI LAVORO PUBLISHED IN 2009 
SD  1.2009  Michael Hoel: Bush Meets Hotelling: Effects of Improved Renewable Energy Technology on Greenhouse Gas 
Emissions 
SD  2.2009  Abay Mulatu, Reyer Gerlagh, Dan Rigby and Ada Wossink: Environmental Regulation and Industry Location
SD  3.2009  Anna Alberini, Stefania Tonin and Margherita Turvani: Rates of Time Preferences for Saving Lives in the 
Hazardous Waste Site Context 
SD  4.2009  Elena Ojea, Paulo A.L.D. Nunes and Maria Loureiro: Mapping of Forest Biodiversity Values: A Plural 
Perspective 
SD  5.2009  Xavier Pautrel : Macroeconomic Implications of Demography for the Environment: A Life-Cycle Perspective 
IM  6.2009  Andrew Ellul, Marco Pagano and Fausto Panunzi: Inheritance Law and Investment in Family Firms 
IM  7.2009  Luigi Zingales: The Future of Securities Regulation 
SD  8.2009  Carlo Carraro, Emanuele Massetti and Lea Nicita: How Does Climate Policy Affect Technical Change? An 
Analysis of the Direction and Pace of Technical Progress in a Climate-Economy Model 
SD  9.2009  William K. Jaeger: The Welfare Effects of Environmental Taxation 
SD  10.2009  Aude Pommeret and Fabien Prieur: Double Irreversibility and Environmental Policy Design 
SD  11.2009  Massimiliano Mazzanti and Anna Montini: Regional and Sector Environmental Efficiency Empirical Evidence 
from Structural Shift-share Analysis of NAMEA data 
SD  12.2009  A. Chiabai, C. M. Travisi, H. Ding, A. Markandya and P.A.L.D Nunes: Economic Valuation of Forest 
Ecosystem Services: Methodology and Monetary Estimates 
SD  13.2009  Andrea Bigano, Mariaester Cassinelli, Fabio Sferra, Lisa Guarrera, Sohbet Karbuz, Manfred Hafner, Anil 
Markandya and Ståle Navrud: The External Cost of European Crude Oil Imports 
SD  14.2009  Valentina Bosetti, Carlo Carraro, Romain Duval, Alessandra Sgobbi and Massimo Tavoni: The Role of R&D 
and Technology Diffusion in Climate Change Mitigation: New Perspectives Using the Witch Model 
IM  15.2009  Andrea Beltratti, Marianna Caccavaio and Bernardo Bortolotti: Stock Prices in a Speculative Market: The 
Chinese Split-Share Reform 
GC  16.2009  Angelo Antoci, Fabio Sabatini and Mauro Sodini: The Fragility of Social Capital  
SD  17.2009  Alexander Golub, Sabine Fuss, Jana Szolgayova and Michael Obersteiner:  Effects of Low-cost Offsets on 
Energy Investment – New Perspectives on REDD – 
SD  18.2009  Enrica De Cian: Factor-Augmenting Technical Change: An Empirical Assessment 
SD  19.2009  Irene Valsecchi: Non-Uniqueness of Equilibria in One-Shot Games of Strategic Communication 
SD  20.2009  Dimitra Vouvaki and Anastasios Xeapapadeas: Total Factor Productivity Growth when Factors of Production 
Generate Environmental Externalities 
SD  21.2009  Giulia Macagno, Maria Loureiro, Paulo A.L.D. Nunes and Richard Tol: Assessing the Impact of Biodiversity 
on Tourism Flows: A model for Tourist Behaviour and its Policy Implications 
IM  22.2009  Bernardo Bortolotti, Veljko Fotak, William Megginson and William Miracky: Sovereign Wealth Fund 
Investment Patterns and Performance 
IM  23.2009  Cesare Dosi and Michele Moretto: Auctioning Monopoly Franchises: Award Criteria and Service Launch 
Requirements 
SD  24.2009  Andrea Bastianin: Modelling Asymmetric Dependence Using Copula Functions: An application to Value-at-
Risk in the Energy Sector 
IM  25.2009  Shai Bernstein,  Josh Lerner and Antoinette Schoar: The Investment Strategies of Sovereign Wealth Funds 
SD  26.2009  Marc Germain, Henry Tulkens and Alphonse Magnus: Dynamic Core-Theoretic Cooperation in a Two-
Dimensional International Environmental Model 
IM  27.2009  Frank Partnoy: Overdependence on Credit Ratings Was a Primary Cause of the Crisis 
SD  28.2009  Frank H. Page Jr and Myrna H. Wooders (lxxxv): Endogenous Network Dynamics 
SD  29.2009  Caterina Calsamiglia, Guillaume Haeringer and Flip Klijnb (lxxxv): Constrained School Choice: An 
Experimental Study 
SD  30.2009  Gilles Grandjean, Ana Mauleon and Vincent Vannetelbosch (lxxxv): Connections Among Farsighted Agents 
SD  31.2009  Antonio Nicoló and Carmelo Rodríguez Álvarez (lxxxv): Feasibility Constraints and Protective Behavior in
Efficient Kidney Exchange 
SD 32.2009  Rahmi İlkiliç (lxxxv): Cournot Competition on a Network of Markets and Firms 
SD  33.2009  Luca Dall'Asta, Paolo Pin and Abolfazl Ramezanpour (lxxxv): Optimal Equilibria of the Best Shot Game 
SD  34.2009  Edoardo Gallo (lxxxv): Small World Networks with Segregation Patterns and Brokers 
SD  35.2009  Benjamin Golub and Matthew O. Jackson  (lxxxv): How Homophily Affects Learning and Diffusion in 
Networks SD  36.2009  Markus Kinateder (lxxxv): Team Formation in a Network 
SD  37.2009  Constanza Fosco and Friederike Mengel (lxxxv): Cooperation through Imitation and Exclusion in Networks 
SD  38.2009  Berno Buechel and Tim Hellmann (lxxxv): Under-connected and Over-connected Networks 
SD  39.2009  Alexey Kushnir (lxxxv): Matching Markets with Signals 
SD  40.2009  Alessandro Tavoni (lxxxv): Incorporating Fairness Motives into the Impulse Balance Equilibrium and Quantal 
Response Equilibrium Concepts: An Application to 2x2 Games 
SD  41.2009  Steven J. Brams and D. Marc Kilgour (lxxxv): Kingmakers and Leaders in Coalition Formation 
SD  42.2009  Dotan Persitz (lxxxv): Power in the Heterogeneous Connections Model: The Emergence of Core-Periphery 
Networks 
SD  43.2009  Fabio Eboli, Ramiro Parrado, Roberto Roson: Climate Change Feedback on Economic Growth: Explorations
with a Dynamic General Equilibrium Mode 
GC  44.2009  Fabio Sabatini: Does Social Capital Create Trust? Evidence from a Community of Entrepreneurs 
SD  45.2009  ZhongXiang Zhang: Is it Fair to Treat China as a Christmas Tree to Hang Everybody’s Complaints? Putting 
its Own Energy Saving into Perspective 
SD  46.2009  Eftichios S. Sartzetakis, Anastasios Xepapadeas and Emmanuel Petrakis: The Role of Information Provision 
as a Policy Instrument to Supplement Environmental Taxes: Empowering Consumers to Choose Optimally 
SD  47.2009  Jean-François Caulier, Ana Mauleon and Vincent Vannetelbosch: Contractually Stable Networks 
GC  48.2009  Massimiliano Mazzanti, Susanna Mancinelli, Giovanni Ponti and Nora Piva: Education, Reputation or 
Network?  Evidence from Italy on Migrant Workers Employability 
SD  49.2009  William Brock and Anastasios Xepapadeas: General Pattern Formation in Recursive Dynamical Systems 
Models in Economics 
SD   50.2009  Giovanni Marin and Massimiliano Mazzanti: Emissions Trends and Labour Productivity Dynamics Sector 
Analyses of De-coupling/Recoupling on a 1990-2005 Namea 
SD  51.2009  Yoshio Kamijo and Ryo Kawasaki (lxxxv): Dynamics, Stability, and Foresight in the Shapley-Scarf Housing 
Market 
IM  52.2009  Laura Poddi and Sergio Vergalli: Does Corporate Social Responsibility Affect the Performance of Firms? 
SD  53.2009  Valentina Bosetti, Carlo Carraro and Massimo Tavoni: Climate Change Mitigation Strategies in Fast-
Growing Countries:  The Benefits of Early Action 
GC  54.2009  Alireza Naghavi and Gianmarco I.P. Ottaviano: Firm Heterogeneity, Contract Enforcement, and the Industry 
Dynamics of Offshoring 
IM  55.2009  Giacomo Calzolari and Carlo Scarpa: On Regulation and Competition: Pros and Cons of a Diversified 
Monopolist 
SD  56.2009  Valentina Bosetti, Ruben Lubowski and Alexander Golub and Anil Markandya: Linking Reduced 
Deforestation and a Global Carbon Market: Impacts on Costs, Financial Flows, and Technological 
Innovation 
IM  57.2009  Emmanuel Farhi and Jean Tirole: Collective Moral Hazard, Maturity Mismatch and Systemic Bailouts 
SD  58.2009  Kelly C. de Bruin and Rob B. Dellink: How Harmful are Adaptation Restrictions 
SD  59.2009  Rob Dellink, Michel den Elzen, Harry Aiking, Emmy Bergsma, Frans Berkhout, Thijs Dekker, Joyeeta Gupta: 
Sharing the Burden of Adaptation Financing: An Assessment of the Contributions of Countries 
SD  60.2009  Stefania Tonin, Anna Alberini and Margherita Turvani: The Value of Reducing Cancer Risks at Contaminated 
Sites: Are More Heavily Exposed People Willing to Pay More? 
SD  61.2009  Clara Costa Duarte, Maria A. Cunha-e-Sá and Renato Rosa: The Role of Forests as Carbon Sinks: Land-Use 
and Carbon Accounting  
GC  62.2009  Carlo Altomonte and Gabor Békés: Trade Complexity and Productivity 
GC  63.2009  Elena Bellini, Gianmarco I.P. Ottaviano, Dino Pinelli and Giovanni Prarolo: Cultural Diversity and Economic 
Performance: Evidence from European Regions 
SD 64.2009  Valentina Bosetti, Carlo Carraro, Enrica De Cian, Romain Duval, Emanuele Massetti and Massimo Tavoni: 
The Incentives to Participate in, and the Stability of, International Climate Coalitions: A Game-theoretic 
Analysis Using the Witch Model 
IM  65.2009  John Temple Lang: Article 82 EC – The Problems and The Solution 
SD  66.2009  P. Dumas and S. Hallegatte: Think Again: Higher Elasticity of Substitution Increases Economic Resilience 
SD  67.2009  Ruslana Rachel Palatnik and Roberto Roson: Climate Change Assessment and Agriculture in General 
Equilibrium Models: Alternative Modeling Strategies 
SD  68.2009  Paulo A.L.D. Nunes, Helen Ding and Anil Markandya: The Economic Valuation of Marine Ecosystems 
IM  69.2009  Andreas Madestam: Informal Finance: A Theory of Moneylenders 
SD  70.2009  Efthymia Kyriakopoulou and Anastasios Xepapadeas: Environmental Policy, Spatial Spillovers and the 
Emergence of Economic Agglomerations 
SD  71.2009  A. Markandya, S. Arnold, M. Cassinelli and T. Taylor: Coastal Zone Management in the Mediterranean: 
Legal and Economic Perspectives  
GC  72.2009  Gianmarco I.P. Ottaviano and Giovanni Prarolo: Cultural Identity and Knowledge Creation in Cosmopolitan 
Cities 
SD  73.2009  Erik Ansink: Self-enforcing Agreements on Water allocation 
GC  74.2009  Mario A. Maggioni, Francesca Gambarotto and T. Erika Uberti: Mapping the Evolution of "Clusters": A 
Meta-analysis 
SD  75.2009  Nektarios Aslanidis: Environmental Kuznets Curves for Carbon Emissions: A Critical Survey 
SD  76.2009  Joan Canton: Environmentalists' Behaviour and Environmental Policies 
SD  77.2009  Christoph M. Rheinberger: Paying for Safety: Preferences for Mortality Risk Reductions on Alpine Roads IM  78.2009  Chiara D’Alpaos, Michele Moretto, Paola Valbonesi and Sergio Vergalli: "It Is Never too late": Optimal 
Penalty for Investment Delay in Public Procurement Contracts 
SD  79.2009  Henry Tulkens and Vincent van Steenberghe: “Mitigation, Adaptation, Suffering”: In Search of the Right Mix 
in the Face of Climate Change 
SD  80.2009  Giovanni Bella: A Search Model for Joint Implementation 
SD  81.2009  ZhongXiang Zhang: Multilateral Trade Measures in a Post-2012 Climate Change Regime?: What Can Be 
Taken from the Montreal Protocol and the WTO? 
SD  82.2009  Antoine Dechezleprêtre, Matthieu Glachant, Ivan Hascic, Nick Johnstone and Yann Ménière: Invention and 
Transfer of Climate Change Mitigation Technologies on a Global Scale: A Study Drawing on Patent Data 
SD  83.2009  László Á. Kóczy: Stationary Consistent Equilibrium Coalition Structures Constitute the Recursive Core 
SD  84.2009  Luca Di Corato and Michele Moretto: Investing in Biogas: Timing, Technological Choice and the Value of 
Flexibility from Inputs Mix  
SD  85.2009  Valentina Bosetti, Enrica De Cian, Alessandra Sgobbi, and Massimo Tavoni: The 2008 WITCH Model: New 
Model Features and Baseline 
IM  86.2009  Rocco Macchiavello: Vertical Integration and Investor Protection in Developing Countries 
SD  87.2009  Massimiliano Mazzanti and Antonio Musolesi: Carbon Kuznets Curves: Long-run Structural Dynamics and 
Policy Events 
GC  88.2009  Gianmarco I.P. Ottaviano and Christian Volpe Martincus: SMEs in Argentina: Who are the Exporters 
GC  89.2009  Gianpaolo Rossini and Cecilia Vergari: Input Production Joint Venture 
SD  90.2009  Angelo Antoci, Simone Borghesi and Marcello Galeotti: Environmental Options and Technological 
Innovation: An Evolutionary Game Model 
GC  91.2009  Cristina Cattaneo: The Decision to Migrate and Social Capital: Evidence from Albania 
SD  92.2009  Valentina Bosetti and Jeffrey Frankel: Global Climate Policy Architecture and Political Feasibility: Specific 
Formulas and Emission Targets to Attain 460 ppm CO2 Concentrations 




















Elena Fumagalli and Laura Fumagalli: Like Oil and Water or Chocolate and Peanut Butter? Ethnic Diversity 
and Social Participation of Young People in England 
Olga Shurchkov: Gender Differences in Output Quality and Quantity under Competition and Time 
Constraints: Evidence from a Pilot Study 
Benedicte Apouey and Andrew E. Clark: Winning Big but Feeling no Better? The Effect of Lottery Prizes on 
Physical and Mental Health 
Giovanni Gallipoli and Laura Turner: Household Responses to Individual Shocks: Disability and Labor Supply









(lxxxv) This paper has been presented at the 14th Coalition Theory Network Workshop held in 
Maastricht, The Netherlands, on 23-24 January 2009 and organised by the Maastricht University CTN 
group (Department of Economics, http://www.feem-web.it/ctn/12d_maa.php). 
 